Abstract Cytomegalovirus (CMV) infection is usually asymptomatic and self-limiting in healthy individuals, but significant complications can develop in immunosuppressed patients. Venous or arterial thromboembolic phenomena are uncommon yet very serious complications of CMV infection. Most published reports describe immunosuppressed patients, but thrombotic events in CMV-infected immunocompetent individuals may also occur. We describe the case of an immunocompetent young man with acute CMV hepatitis that was complicated with portal vein thrombosis (PVT). We also review the literature regarding the association between PVT and CMV in immunocompetent patients. Thromboembolism is an underestimated but significant complication of acute CMV infection. Several local and systemic factors are involved in the pathogenesis of acute PVT. This case emphasizes the central role of ultrasound in its diagnosis and the potentially serious complications that can occur in immunocompetent individuals with no other prothrombotic risk factors.
Introduction
Portal vein thrombosis (PVT) is a condition in which thrombosis develops within the extrahepatic portal venous system and can extend downstream to the intrahepatic portal vein branches or upstream to the superior mesenteric and splenic veins [1] . Several risk factors are involved in the pathogenesis of acute PVT, both of local and general origin [2] . Congenital and acquired thrombophilic states are among the systemic etiological factors. In particular, various gene mutations and/or polymorphisms of genes coding for coagulation factors (like factor V Leiden and prothrombin) have been reported to be associated with clot formation in the splanchnic venous system. Myeloproliferative disorders (thrombocythemia, polycythemia vera, and myelofibrosis with myeloid metaplasia) can also cause the prothrombotic conditions associated with a large proportion of portal vein thrombosis cases previously diagnosed as ''idiopathic'' [3, 4] . The main local risk factors are the presence of liver tumors in the portal venous territory (without a direct portal venous invasion) and liver cirrhosis. Moreover, other causes of intraabdominal inflammation (pancreatitis, cholecystitis, appendicitis) can be a risk factor for PVT development [5] . Finally, viral infections have also been reported as causing hemostatic abnormalities; these alterations can range from slight modifications of laboratory parameters to a severe clinical picture, such as disseminated intravascular coagulation [6] . Among the viruses which can cause the hypercoagulability status, CMV is primary, so it is unanimously considered a minor risk factor for PVT [7, 8] . CMV-mediated PVT has been reported as a probable consequence of acute hepatitis. We describe a young immunocompetent male with acute CMV infection who experienced acute PVT diagnosed by ultrasound, and we review the available evidence of the natural history of acute CMV-mediated PVT.
Case report
A 30-year-old white male presented with fever up to 39.5°C, so his family physician started antimicrobial and symptomatic treatment with ciprofloxacin and paracetamol, but without success. One week later, the patient reported left abdominal pain and dark brown urine in association with persistent fever. For this reason he was admitted to the Department of Clinical Medicine. His past medical history was unremarkable. On physical examination there were no significant alterations, but abdominal palpation revealed lower abdominal pain and enlargement of the spleen during inspiration. Abnormal laboratory values are described in Table 1 for aspartate transaminase (AST), alanine transaminase (ALT), lactate dehydrogenase (LDH), total bilirubin, and gamma-glutamyl transpeptidase. D-Dimer concentration was markedly elevated. An extensive serology screening was performed to identify any possible viral cause of hepatitis and persistent fever: multiple blood cultures were all negative except the first, which was positive for Staphylococcus epidermidis and was treated by antibiotic therapy according to antimicrobial susceptibility testing-but this was not a possible cause of the persistent fever. The urine culture, squeezing prostate and bacterial culture, chest X-ray, and thyroid ultrasound were also all negative. Heart ultrasound showed a minimal mitral insufficiency. Serology tests for hepatitis A, B, C, and E, and the herpes simplex, Epstein-Barr, and HIV viruses were negative; regarding Cytomegalovirus, the anti-CMV IgM antibodies were positive, but IgG were negative. Serology tests for Brucella, Salmonella, Rickettsia conorii, Leishmania, Coxiella burnetii, and Leptospira were negative. B-mode abdominal ultrasound and color Doppler ultrasound showed echogenic, organized thrombotic material in the right branch of the portal vein and at the confluence of the right and left bundle branch (Figs. 1, 2) , enlargement of the spleen (longitudinal diameter, 14.3 cm), liver steatosis and an oval lymph node at the celiac tripod with longitudinal diameter of 1.7 cm. A computed tomographic scan of the abdomen using intravenous iodine contrast medium confirmed a non-enhancing filling defect within the lumen of the right branch of the portal vein and the segmental branch tributary of the sixth segment. Organ masses, which are possible local causes of PVT, were excluded, apart from max 1.7 cm diameter lymph nodes located at the hepatic ileum, at the celiac tripod, along the aorta, and between aorta and cava.
Arterial and venous eco color Doppler of the lower limbs, aorta, and inferior vena cava was normal. To determine the nature of the PVT, we extended our studies to the patient's coagulation profile and performed extensive screening for thrombophilia. The screening results were negative. Wild-type factor II and V genes were present, and protein C resistance was absent; IgM anticardiolipin antibodies were 2 9 N, with normal levels of IgG. There were normal levels of IgM and IgG anti-B glycoprotein antibodies. Homocysteine level was 12.74 lmol/L (reference range [4] [5] [6] [7] [8] [9] [10] [11] [12] . The screening test for proteins C and S and lupus anticoagulant was negative, antithrombin activity was normal, and factor VIII activity was 210.3% (reference range 50-150).
CMV infection was confirmed 10 days later when serology tests revealed persistence of positive anti-CMV IgM and showed a conversion to positive anti-CMV IgG with a positive viral load with diagnostic value (36,400 genomic copies/ml). In the absence of other plausible causes that could explain the clinical and laboratory data, thrombosis of the portal vein was associated with CMV infection, which is considered a potential risk factor. According to the advice of infectious disease specialists, we started off-label ganciclovir 425 mg (5 mg/kg twice daily) for one week and a therapeutic dose of low molecular weight heparin and warfarin with the disappearance of fever, reduction of transaminases, and reduction of viral load to negative. After two weeks of therapy, there was a resolution of PVT, with the exception of the segmental branch which carries blood to S6 (Figs. 3, 4) . After six months of anticoagulant therapy, there was a partial resolution of the PVT, and the segmental branch which carries blood to S6 showed persistence of the thrombus (Fig. 5) .
The patient underwent ultrasound follow-up every six months. One year after discontinuation of anticoagulant treatment, abdominal color Doppler ultrasound showed PVT in the right branch, which carries blood to S6. These data were confirmed by nuclear magnetic resonance. According to the hematological consultation and the negative thrombophilia screening, there was no indication to start anticoagulant therapy again.
Discussion
CMV infections are severe in immunocompromised individuals, with complex clinical syndromes ranging from encephalitis to uveitis and hepatitis. CMV is widespread with serum prevalence in the world of 10-60%. In immunocompetent subjects, the primary infection is similar to a viral or mononucleosis-like syndrome but is still selflimiting [9] . However, the literature reports several cases of severe clinical manifestations even in the immunocompetent [10] [11] [12] [13] . Severe CMV infection is defined as any for which the patient was hospitalized and/or the infection was deemed to be life threatening [10] . A systematic review of the literature has shown that there is not a target organ, while several organs can be involved: the gastrointestinal tract and the central nervous system are most often affected, but there can be uveitis, hepatitis, hemolytic anemia, arterial thrombocytopenia, venous thrombosis (deep venous thrombosis), PVT, and pulmonary embolism-PE [14, 15] . The frequency and incidence of these complications have been studied in recent years, and retrospective studies have especially shown that about 7% of patients with CMV infection have a vascular thrombosis. A recent meta-analysis has shown that thrombosis in patients hospitalized for CMV infection is 6.4%, whereas the incidence of CMV infection in patients hospitalized for thrombosis is between 1.9 and 9% [16, 17] . The mechanisms that determine the thrombotic events in CMV infections vary. On the one hand, the propagation of liver inflammation to vessel endothelium causes endothelial inflammation and vasculitis; on the other hand, it is the direct effect of CMV. This can directly damage the endothelium and promote clotting.
Some ways by which CMV causes hypercoagulable status have been described as follows: (a) exposure of adhesion molecules that activate leukocytes and clotting; (b) overexpression of the platelet-derived growth factor and the transforming growth factor-b, which cause the proliferation of vessel wall cells; (c) immediate-early gene products of CMV (IE84) bind to p53 and inhibit its transcriptional activity, thus inhibiting p53-mediated apoptosis and enhancing vascular smooth muscle cell proliferation; (d) increase in the levels of factor VIII and antiphospholipid antibodies [14] [15] [16] [17] [18] .
Our patient had acute CMV hepatitis complicated by acute PVT; the absence of local and general risk factors for 5 Doppler ultrasonography shows the persistence of thrombosis in the segmental branch which carries blood to S6 after 6 months of therapy thrombosis, the remission with anticoagulants and antiviral therapy, and data reported in the medical literature suggest a causal relationship between acute CMV infection and thrombosis. Due to the high viremia and the critical clinical condition of the patient, we decided to start antiviral therapy, even though the literature data are discordant and generally oriented against treating the immunocompetent subject. Fever reduction and sequential ultrasound exams were useful in monitoring PVT regression and confirmed the importance of ultrasound in this condition, in agreement with the literature [19, 20] .
In conclusion, acute CMV infection can be considered a risk factor for PVT. Physicians should be alert to symptoms and signs of thrombosis in patients with acute CMV infection. In particular, abdominal ultrasound is fundamental for the study of the portal vein and the correct diagnosis of thrombosis, especially when hypertransaminasemia is associated.
The diagnosis of CMV in patients with an apparently ''unprovoked'' VTE would redefine the VTE event as ''provoked.'' Consequently, duration of secondary prevention with anticoagulants should be limited in time [8] .
No definitive conclusions can be made regarding the beneficial effect of antiviral therapy in immunocompetent individuals as there are few cases, so further clinical trials are required to reach definitive conclusions. The decision to initiate antivirals should be based on clinical assessment [21] .
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